INTRODUCTION
Hepatitis C virus (HCV) infection is a major health burden in Europe, reportedly affecting 14 million people in the WHO European region [1] and 2.6 million individuals in Western Europe [2] . While there is a paucity of data estimating the prevalence of HCV infection in Germany specifically, a 2013 study reported the overall prevalence of antibodies against HCV in the German population to be 0.3%, similar to the prevalence estimated 10 years prior (0.4%) [3] . Furthermore, the estimated diagnosis rate among those living with HCV is 57% [4] .
Acute HCV infection is typically asymptomatic and often remains undiagnosed, with up to 85% of acutely infected individuals developing chronic hepatitis C (CHC) virus infection [5] . HCV infection presents with hepatic complications such as cirrhosis, hepatocellular carcinoma, and liver failure [6] , apart from extrahepatic complications (EHCs) [7] , which affect other organ systems, causing progressive illness and possible death [8] . These include common and well-studied EHCs, such as mixed cryoglobulinemia, depression, and type 2 diabetes mellitus (T2DM) [7] , apart from others such as cryoglobulinemic vasculitis, B cell non-Hodgkin lymphoma, arthralgia, immune thrombocytopenia, renal impairment, fatigue, cognitive impairment, cancer, and cardiovascular disorders [9] .
Beyond the direct burden of HCV, other diseases, such as Parkinson's disease [10] , behavioral and mental disorders due to psychoactive substance use [11] , cardiovascular disorders [12] , and non-hepatic malignancies [13] , also impact the overall burden associated with CHC. A recent systematic review has shown that HCV-infected patients have approximately 35% higher risk of Parkinson's disease compared with patients without HCV [10] , while substance abuse contributes to viral exposure due to usage of contaminated needles [11] .
Complications resulting from HCV infection are associated with substantial healthcare costs [14] . Economic modeling showed that the cost of extrahepatic manifestations (EHM) in Germany was €1247 per patient per year (PPPY), amounting to a total annual cost of €301.9 million [15] . Moreover, treatment costs increase incrementally according to disease stage, with patients requiring liver transplants spending more than patients with mild disease [14] . To quickly reduce HCV progression, global treatment guidelines encourage the use of newer, all-oral, direct-acting antiviral (DAA) regimens for HCV treatment rather than interferon-based regimens because of the former's higher sustained virologic response (SVR) at [ 90%, shorter treatment duration, and better tolerability [5] . Based on model estimates, DAA regimens could provide substantial shortand long-term benefits to patients and reduce the overall economic burden of HCV on the healthcare system. However, there is limited evidence from actual clinical practice on the extent to which these benefits compare with the up-front costs of treatment [16, 17] . A recent Japanese study reported that utilizing DAAs avoided approximately €8968 in per-patient complication costs [18] . In India, too, DAA usage was tied to cost-savings for both non-cirrhotic (€446) and cirrhotic (€1205) patients [19] . Moreover, after taking the SVR rate and treatment duration into consideration, the cost per SVR for DAAs was found to be cheaper than that of interferon-based regimens [20] .
HCV treatment has been shown to reduce both clinical [21] and economic [22] EHM-related burden. A post-hoc analysis of phase 3 clinical trials revealed that DAA treatment improved multiple EHM biomarkers such as triglycerides (cardiovascular EHM biomarker), serum glucose (metabolic EHM biomarker), and the estimated glomerular filtration rate (renal EHM biomarker). Moreover, these effects lasted for at least a year post-treatment completion [21] . Economic analysis of a large US claims database showed that HCV treatment reduced EHM-related costs by $12,773 (or approximately €10,295). Additionally, starting treatment at an early disease stage reduced EHM-related costs by $10,409 (or approximately €8389) [22] .
The economic burden of CHC-related EHCs is not yet fully understood, given that most studies report on a limited number of EHCs [23] . Moreover, the economic impact of CHC-related EHCs in Germany has not been estimated in the literature. Therefore, the aim of this study was to utilize a comprehensive national database from the German Betriebskrankenkasse (BKK) sickness fund to assess the role of treatment in mitigating the economic burden of CHC, both hepatic and extrahepatic, especially at early (i.e., non-cirrhotic) stages of liver disease.
METHODS

Data Sources
The BKK sickness fund was originally meant for employees of a certain organization; however, since the 1990s, mergers between multiple funds and open enrollment for individuals have broadened the original conception of the BKK [24] . As of 2012, reimbursement data from the BKK sickness fund cover 5.2 million persons and include patients' medical (i.e., in-and outpatient claims), prescription drug, and insurance eligibility information. Data from 2007 through 2014 were utilized for HCV-diagnosed patients. The BKK was informed about the project, and all the required approvals were obtained. Patient data were fully anonymized according to the accepted standard procedures.
Study Definitions
Prevalent patients with CHC were identified using the International Classification of Diseases, 10th Edition German Modification (ICD-10-GM) code B18.2 in outpatient and/or inpatient care data in any of the quarters in the identification period (Q1/2008 through Q1/2014). Only patients with a diagnosis of CHC preceded and followed by at least four quarters of full insurance were considered for inclusion. For inpatient data, primary CHC discharge diagnoses as well as secondary diagnoses were checked. For outpatient data, only assured diagnoses (marked by ''G'' or ''Z'') were considered and also required evidence of a second diagnosis code within three quarters pre-or postidentification. 1 
Extrahepatic Complications (EHCs)
EHCs included EHMs, which have a documented clinical pathway in CHC, as well as other conditions and behavioral factors that, although no clinical pathway has been established, are prevalent among the patient population. EHMs investigated in this study included the broader disease categories of T2DM, cardiovascular disease (CVD), fatigue, renal impairment, and malignancies. Other prevalent diseases observed in the patient population were mental and behavioral disorders (due to opioids, multiple drug use, and other psychoactive substances), Parkinson's disease, and some cardiovascular, renal, and other diseases not documented as EHMs. EHMs, behavioral factors, and other prevalent conditions in the population are jointly called EHCs in this study. The complete list of diseases within each grouping and their disease category, as well as their associated ICD-10-GM codes, is presented in Table 1 .
Economic Burden Analyses
Medical Cost Definitions
Annualized total costs were assessed from the index quarter until the end of patient follow-up, which corresponded to the end of continuous insurance time, based on whether the patient died or switched to another health insurance, or the end of data availability on 31 December 2014. Therefore, while follow-up time may have differed in length across patients, annualizing the costs served to make patients' follow-up time comparable. To quantify (1) the benefits of treatment in reducing economic burden and (2) the benefits of early treatment, annual costs were compared between (1) time post CHC treatment and time without CHC treatment for patients with CHC and (2) CHC patients that initiated treatment 'early' (i.e., without cirrhosis) vs. 'late' (i.e., with cirrhosis).
The sum of all-cause medical and pharmacy costs is referred to as total cost. All-cause medical costs were further broken down into medical costs related to hepatic and extrahepatic complications. Pharmacy costs were split into E14.* Diabetes mellitus, not further specified [30] Cardiovascular disease I20.*-I25.* Ischemic heart diseases [9] I60.*-I69.* Cerebrovascular diseases [9] I70.* Atherosclerosis [9] Fatigue F32.* Episode of depression [9] G93.3 Chronic fatigue syndrome [31] R53 Indisposition and fatigue [9] F43. CHC-related and non-CHC-related costs. CHCrelated costs were defined as those associated with esophageal varices, spontaneous bacterial peritonitis, cirrhosis of the liver, hepatic encephalopathy (liver failure), portal hypertension, ascites, splenomegaly, hepatorenal syndrome, hepatocellular carcinoma, porphyria cutanea tarda, and liver transplantation. Costs attributable to CHC-related EHCs were identified using relevant German Uniform Assessment Standard (EBM) codes, Diagnosis Related Groups (DRG) codes, and Operation and Procedure (OPS) codes. EBM codes are relevant in the setting of medical practitioners, while DRG and OPS codes are relevant in the setting of hospitals (in-and outpatient care). In addition, claims from sickness benefits (medical leave benefits received by employees after 6 weeks of inability to work), which were based on relevant ICD-10-GM codes, were included in the EHC costs. Likewise, medical costs related to hepatic complications were identified by searching for relevant EBM, DRG, OPS, and ICD-10-GM codes associated with hepatic complications. Claims associated with both CHC-associated EHCs and hepatic complications were attributed to both categories. Total all-cause medical costs contain costs for practitioner, hospital in-and outpatient care, as well as sickness benefits. In addition to EHC-related or hepatic complicationrelated medical costs, all other costs that occur because of any disease were included in total allcause medical costs. CHC-related pharmacy costs were identified for 12 CHC drugs, while all other pharmacy costs were summarized as non-CHC-related pharmacy costs (Table 2) . Costs were calculated as average annualized charged amounts and adjusted to reflect average 2016 euro exchange rates.
Economic Impact of CHC Treatment
Treatment was identified by using relevant German Anatomical Therapeutic Chemical (ATC) classification and OPS codes ( Table 2) . Medical costs between treated and untreated time of patients newly diagnosed with CHC were compared using data from Q1/2008 to Q4/ 2014. The random quarter of CHC diagnosis between Q1/2008 to Q4/2014 served as the patients' identification/index quarter and anchored their 4-month lookback and followup. Medical costs for treated time were summarized from the quarter of treatment initiation until end of follow-up. Medical costs for Patients that initiated treatment after the quarter of diagnosis contributed data from diagnosis until treatment initiation to untreated time and data to treated time from treatment initiation until end of follow-up.
Patients that initiated treatment in the same quarter of diagnosis contributed no data to untreated time while patients that never initiated treatment contributed no data to treated time.
Economic Impact of Early Treatment
Medical costs for patients diagnosed with CHC who had received treatment were compared for whether treatment was initiated early or late.
Comparison groups were created based on a four-quarter lookback from treatment initiation for evidence of cirrhosis. Patients without evidence of cirrhosis prior to treatment initiation were considered to have had early treatment, whereas those with evidence of cirrhosis prior to treatment initiation were considered to have had late treatment. Cirrhosis was identified using ICD-10-GM codes (K74.3-K74.6).
Statistical Analysis
Mean cost differences estimated from unadjusted and adjusted ordinary least squares (OLS) regression models were used to compare the medical costs between all study cohorts. Models were adjusted for age (in years), gender, and the previous year's total healthcare costs. Additionally, cost models for treated vs. untreated and early vs. late treatment cohorts were adjusted for their index quarter year. The former comparison was also adjusted for presence of cirrhosis. Mean ± standard deviation (SD), medians, and proportions were used to depict patient characteristics. Age, gender, and EHM type were independent variables, while the previous year's healthcare costs and current medical costs were dependent variables. All analyses were conducted using SAS version 9.4. Alpha of 0.05 was used as the cutoff for determining statistical significance.
Compliance with Ethics Guidelines
This article is based on previously available data and does not involve any new studies of human or animal subjects performed by any of the authors. However, appropriate approvals from the BKK were obtained to use their data for this study. Similar data were used in a study assessing the clinical and economic burden of hepatic and EHCs associated with CHC in Germany [25] . In that study, CHC was associated with a substantial burden (e.g., medical costs) largely due to hepatic complications and EHCs, subject to limitations similar to those of the present study [25] .
RESULTS
Patient Characteristics
Of patients with CHC, 1714 were identified as ever receiving treatment [61.4% male, average age 45.6 years (SD = 12.
2)] and 7124 were identified as ever being untreated [54.9% male, average age 52.6 years (SD = 16.8)]. Among the treated patients, 1552 received treatment early [61.5% male, average age 44.5 years (SD = 12.0)] and 162 received treatment late [60.5% male, average age 55.5 years (SD = 8.9), Table 3 ].
Association between Treatment and Economic Burden
The economic burden from CHC-related hepatic complications and EHCs was reduced after initiating treatment. Annual medical costs related to hepatic complications (€1384 vs. €1022, adjusted difference €398) and EHCs (€3573 vs. €2287, adjusted difference €1363) were significantly higher during the untreated time than the treated time (P \ 0.01 for all; Table 4 ). However, the average annual total costs (€15,843 vs. €8206, adjusted difference -€2125; P = 0.01) and non-HCV-related pharmacy costs (€7174 vs. €2243, adjusted difference €342; P = 0.70) were higher during the treated time. The €1363 saved in EHC-related medical costs (adjusted cost difference between untreated and treated time) by patients in treatment was a major contributor to the allcause medical cost savings observed (72.3%). However, both hepatic complication-(€3761 vs. €779, adjusted difference €2822) and EHC-related costs (€4561 and €2085, adjusted difference €2255) were significantly higher for the late than the early treatment cohort, (P \ 0.01 for both; Table 5 ). Savings due to EHC-related medical costs were again a major contributor to the savings from early treatment observed in allcause medical (66.5%) and total (58.9%) adjusted cost differences.
DISCUSSION
Using German BKK sickness fund data, for the first time, the all-cause medical, pharmacy, hepatic complication-and EHC-related medical costs were compared between CHC patients' time of treatment and non-treatment as well as between CHC patients treated early and late. The results showed that CHC treatment may significantly mitigate the economic burden of hepatic and EHCs, especially if initiated early. The results concerning the economic burden associated with CHC's late treatment were consistent with recent evidence from the US [22] .
CHC treatment saved €1885 in all-cause medical costs per patient per year, mainly because of the reduced EHC-related medical costs (adjusted annual cost differences, €1363), but average annual total costs and non-HCV related pharmacy costs were higher during the treated time. Moreover, early treatment of CHC could save €3831 in total costs, which includes €3394 of all-cause medical costs and €2255 in EHC-related costs, compared with late treatment.
Benefits of CHC treatment can be experienced both clinically and economically. CHC treatment reduces the number of hepatocellular carcinoma and decompensated cirrhosis cases [18] , which results in economic savings. Furthermore, DAA treatment costs can be offset by the benefits incurred within a few years [19, 22] . On the clinical side, some benefits of CHC treatment include seroconversion of anti-HCV, normalization of biologic enzymes, reduction of the risk of cirrhosis or even cirrhosis reversion, reduction of liver cancer progression, disappearance of sexual or perinatal transmission risk, improved quality of life, improvement of any EHM, and reduced risk of death [26] . Therefore, it makes sense to tackle CHC as early as possible. Sbarigia et al. [27] studied the economic value of expanding the HCV treatment capacity in Germany and reported that increasing treatment capacity would reduce disease transmission and prevalence in addition to increasing quality-adjusted life years and net treatment savings.
Using a US claims database, Reau et al. [22] demonstrated that EHMs contributed to the overall economic burden of HCV and its treatment. Of the EHMs assessed, kidney disease and CVD were the costliest EHMs across all comparisons (treated HCV vs. untreated HCV and early HCV treatment vs. late HCV treatment).
The results observed in our study are comparable to Reau et al.'s US study, with the share of the all-cause medical costs attributable to EHCs being 72.3% for treated vs. untreated time and 66.5% for early vs. late HCV treatment. It should also be noted that economic modeling may not always reflect real-life conditions, such as the evidence observed in the current study. In this study, early treatment was associated with savings of €3831 for total costs, with €2255 saved in EHC-related medical costs alone. Economic modeling in the Spanish [28] and Italian [29] settings have echoed similar conclusions. CHC chronic hepatitis C virus infection, SD standard deviation The strength of our study is the inclusion of a broad range of EHCs, including some that have not been studied extensively (e.g., mental disorders, gastric disorders), which enabled us to understand the clinical and economic burden of CHC in Germany. EHC is a broader term than EHM because the former only encompasses conditions that have a documented clinical pathway to CHC, while the latter also includes conditions that are prevalent among the patient population but are not yet shown to be related to CHC. Analyzing pharmacy cost data separately from the medical expenditure is another advantage of this study. In fact, the observed higher total cost for CHC treatment compared with non-treatment is attributable to CHC-related pharmacy costs, which by definition the latter cohort did not have.
Limitations
The limitations of the current study must be kept in mind while interpreting the results. The BKK data only represent * 8% of all people within the statutory health insurance system. Residual confounding may persist despite sample matching and covariate adjustment in the analyses. Patients could be misclassified because of misinterpretation of the EBM, DRG, OPS, and ICD-10-GM codes. CHC is a chronic disease; hence, a possibility of lag between infection and diagnosis cannot be excluded. Some EHC categories such as cardiovascular disorders and renal impairment are comprised of both EHMs documented in the literature and other conditions that are prevalent in this population. The medical costs were measured as charged amounts, not paid amounts, which may result in overestimation of the actual cost. However, this is likely to affect all the cohorts equally. In addition, a single medical claim could be associated with multiple procedure codes, resulting in the same medical cost being counted under multiple EHM categories. However, these costs were only included once while performing summation. Also, not all EHCs were included in the analysis, and those included were grouped together-this could affect the respective cost analyses. Moreover, data are used from a large span of time (2007-2014), which introduces a high level of heterogeneity regarding patient characteristics and treatment options, making interpretation of the data and results more difficult. However, the results are robust to show that costs incurred during CHC treatment are less than when CHC is not being treated for all costs considered in this study. In addition, the analyses included CHC treatments available between 2007 and 2014, but there has been a rapid evolution in the treatment landscape since. Finally, the comparisons between patients receiving early vs. late treatment should be interpreted with caution as those receiving late treatment could include patients with end-stage liver disease, a life-threatening CHC chronic hepatitis C virus infection, CI confidence interval, OLS ordinary least squares, SD standard deviation *P \ 0.01, # P = 0.02 a Weighted OLS regression models to estimate adjusted mean cost difference between the treated and untreated follow-up time 
CONCLUSION
The current study findings reveal that not treating CHC or delaying treatment to advanced stages of liver disease may result in additional expenditures, mainly due to EHCrelated complications. This burden suggests that an unmet economic need exists for timely initiation of treatment. The results observed in this study may help guide clinical decision making for the improvement of care for patients with CHC, which in turn could lead to significant cost savings for payers and the healthcare system.
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